Many neurologic disorders manifest as psychiatric symptoms. Anti-N-Methyl-D-Aspartate (NMDA) receptor encephalitis is an autoimmune disease of the brain characterized by numerous neurological and psychiatric features. Despite being rare, its prevalence is rapidly increasing and early management is critical in ensuring successful and sustainable recovery. Therefore, the illness should be considered as a differential diagnosis when clinically assessing patients. This report presents a case of a female child who was hospitalized for acute psychiatric manifestations, which was later confirmed as anti-NMDA receptor encephalitis. She recovered relatively successfully after combined neurological and psychiatric treatment. This report provides information on the clinical course of early onset anti-NMDA receptor encephalitis, including treatment strategy and prognosis.
INTRODUCTION
Anti-N-Methyl-D-Aspartate (NMDA) receptor encephalitis is a form of inflammation in the brain caused by immune dysfunction. Many efforts have been made to better understand and identify the symptoms of this disease since it was first described in 2007 [1] . The disease presents as a wide range of symptoms of varying severity. Approximately 80% of patients are female, and in those older than 18 years of age, 50% have an underlying tumor, which is usually an ovarian teratoma [2] . In children, the first symptoms to be recognized are often non-psychiatric [3] .
Although the pathophysiology of the disease is still controversial, researchers and clinicians generally agree that autoantibodies generated by a teratoma or unknown autoimmune mechanism mediate the reaction by targeting NMDA receptors in the brain. This hypothesis of immune-mediated neuronal dysfunction is supported by the fact that the encephalitis is somewhat reversible, irrespective of symptom duration [3] . In addition, absolute levels of NMDA receptor antibodies are higher in the serum than in the cerebrospinal fluid (CSF) of patients, suggesting that the antigenic stimulus begins in the peripheral nervous system rather than in the central nervous system [4] .
Here, we present the case of a young female who was diagnosed with anti-NMDA receptor encephalitis following 2 months of intensive treatment in a psychiatric inpatient unit, which initially presented as acute psychotic symptoms and bizarre behaviors.
CASE REPORT
A 9-year-old female was admitted to a closed psychiatric ward for evaluation and treatment of acute behavioral problems. She was born to healthy non-consanguineous parents with a planned pregnancy, and had no perinatal problems. Her neonatal period was unremarkable, including no history of seizure events. She reached regular developmental milestones, except for a delay of several months with respect to language and motor development, which she quickly compensated for. She did not experience separation or stranger anxiety. There was no family history of psychiatric, neurological, metabolic, or genetic disorders.
After a few stressful events related to her academic work, her symptoms began in the form of somatic complaints, such as abdominal pain, headache, and eye discomfort. The patient refused to go to school and experienced mild sleep disturbances such as fragmented sleep and early awakening. A week after the first symptoms began, she abruptly developed severe symptoms manifesting as psychotic behavior and cognitive disturbance. The patient suddenly ceased all verbal expression, and occasionally made strange sounds as if she were swimming in water. At night, she did not sleep and cried while displaying signs of irritability and agitation, such as pulling her own hair. The parents attempted to communicate with her about these behaviors; however, she was unable to explain herself logically or provide adequate responses to their questions. A neurological abnormality of mild bilateral stiffness in her upper extremities was also noted.
Brain computed tomography was performed in the emergency room (ER) to rule out any neurological condition such as a vascular disease or tumor. There were no abnormalities in her laboratory examinations; therefore, the patient was referred to a psychiatric department with provisional diagnosis of psychotic disorder not otherwise specified. Her severe condition required intensive treatment and assessment; however, her parents refused to hospitalize her. Thus, she was discharged from the ER with a prescription of risperidone (1 mg daily), paroxetine (10 mg daily), and benztropine (0.5 mg daily). Continuous medication failed to improve her symptoms, and her psychotic symptoms worsened. She reported both auditory and visual hallucinations. Five days later, she visited the ER again and was hospitalized in the child and adolescent psychiatric inpatient unit for thorough assessment and treatment.
Atypical antipsychotics were initiated to reduce her irritability and psychotic behavior, with a provisional diagnosis of early-onset schizophrenia. Risperidone 0.5 mg was administered daily and titrated up to 0.5-2 mg b.i.d., but the patient experienced acute dystonic reaction. As such, olanzapine was administered as a substitute. Olanzapine 1.25 mg was administered and titrated up to a tolerable dose, which was 2.5-12.5 mg b.i.d. The treatment slightly improved her irritability and sleep disturbance, but her bizarre behavior continued, and communicating with her remained difficult. There were no clear neurological abnormalities, although she was disoriented in time, place, and person.
Steady antipsychotic treatment did not appear to have an effect; therefore, a neurology consultation was arranged to identify possible neurological causes. A faculty member of the neurology department suggested performing a series of neurologic examinations to rule out organic causes. Ten days after her initial admission, the patient underwent brain magnetic resonance imaging (MRI); however, no abnormalities in the parenchyma or CSF spaces were detected. Medical staff planned to administer electroencephalographic (EEG) recording followed by a spinal tap; however, both tests were postponed because the patient was unable to cooperate for the required procedures to be performed. Autoimmune encephalitis was suggested as a possible diagnosis, as she was too young and the disease progressed too rapidly to be considered early-onset schizophrenia, and she did not respond well to standard antipsychotic treatment. On the 34th day of admission, she underwent an autoimmune antibodies titer, which revealed antibodies to NMDA receptors present in her serum (1:80 titer).
She was treated with methylprednisolone (25 mg b.i.d. for seven days), intravenous immunoglobulin (10 g daily for five days), and rituximab (400 mg per cycle). Pelvic MRI performed on the 60th day of admission revealed no signs of ovarian teratoma. Meanwhile, 2.5 mg of olanzapine and 0.5 mg of lorazepam were concurrently administered to manage her residual behavioral symptoms and anxiety, which eventually decreased and ceased by the time of discharge.
Her mental status and behavioral symptoms began to improve as treatment for the encephalitis was initiated. She was discharged on the 107th day of admission following a third cycle of intravenous rituximab treatment. An antibody titer test performed 1 week before discharge reported a weak positive result. At every follow-up, her impulsivity and negativity were found to be gradually improving, and she began to regain her academic abilities. The fifth (and final) cycle of rituximab treatment was administered 63 days after discharge. A follow-up serum autoimmune antibodies titer test was conducted 5 months after the first test. It was negative for anti-NMDA receptor antibody, highlighting the efficacy of her treatment. Table 1 shows the results of neurocognitive testing performed 4 months after discharge. She communicated easily with the tester and her answers to questions were mostly appropriate during the test. However, the report also noted that she had difficulty performing tests that required verbal expression. Her full-scale Intelligence Quotient was shown to be 76, which is categorized as borderline intellectually functioning. This result was considered to reflect substantial progress, as she had been unable to perform the basic tests or answer simple questions during the acute stages of her disease. The results of the childhood autism rating scale and Asperger syndrome diagnostic scale were normal, and the social maturity index was age-appropriate. Her cognitive function was not considered to have fully recovered compared to her baseline status.
An Advanced Test of Attention was administered to assess symptoms of Attention-Deficit/Hyperactivity Disorder (ADHD) [5] . The patient showed one of four total T-scores exceeding 65 (over 1.5 standard deviations from the mean), placing the performance of the patient within a range typical of ADHD in both visual and auditory attention tests (Fig. 1) . She was especially impaired in the section on "commission errors," indicating impulsivity and disinhibition.
Approximately 1 year after discharge, the patient is clinically well, and her mother has reported that she has nearly returned to a functional level similar to that before the onset of her disease.
DISCUSSION
Anti-NMDA receptor encephalitis appears to have discrete and often predictable illness phases, showing a viral prodrome followed by neuropsychiatric symptoms, neurological complications, and prolonged deficits. These stages can help facilitate earlier diagnosis of the syndrome [2] . Herein, we describe a young female who initially presented with a psychotic disorder free of any neurological symptoms, but was subsequently diagnosed with anti-NMDA receptor encephalitis.
In this case, anti-NMDA receptor encephalitis was not an evident differential diagnosis. Illness onset before the age of 12 years is relatively rare, and psychiatric symptoms are usually preceded by prodromal symptoms or neurological impairments [6] . Retrospectively, it is possible that the somatic complaints that she described were initial evidence of her illness, but these nonspecific and mild symptoms remained ambiguous and difficult to detect. Nonetheless, clinicians should The test was performed 4 months after discharge and 8 months after the first onset of symptoms consider other types of neurological conditions, in addition to anti-NMDA receptor encephalitis, if the clinical course of a psychiatric patient is atypical or the illness presents at a very young age. Although most patients with anti-NMDA receptor encephalitis show neurological symptoms, pure psychiatric forms of the disease mimicking schizophrenia have been described in previous studies [7, 8] . It is therefore important to clinically query anti-NMDA receptor encephalitis in pediatric patients with an atypical course of psychotic and behavioral symptoms with no family history of other psychiatric disorders.
According to a previous report on anti-NMDA receptor encephalitis, 49 out of 58 female patients had ovarian teratoma [9] . However, the number of patients with ovarian teratoma was significantly lower in patients under the age of 18 years [3] . This suggests that an unspecified immunological mechanism other than a teratoma plays an important role in the development of encephalitis in young female patients, as in this case.
Other neoplasms, such as lung or breast cancer in NMDA encephalitis were also reported, but the incidence was not considered sufficiently high to warrant further evaluation [3] .
Diagnosis of anti-NMDA receptor encephalitis can be made by confirming the presence of antibodies through laboratory tests. Gresa-Arribas et al. [10] reported that detection of anti-NMDA receptor antibodies is more sensitive in CSF than in serum. In our case, a positive serum antibody titer contributed to the diagnosis, despite the fact that CSF results were not obtained owing to the child's irritability and uncooperativeness. This often creates a clinical challenge, as patients with the condition often have behavioral problems that make it difficult to conduct CSF analysis.
Measuring antibodies is important not only for the diagnosis of anti-NMDA receptor encephalitis, but also to establish the etiology and prognosis of the condition. A previous study noted that high titers of antibodies in serum and CSF were more likely to reflect an underlying tumor or have worse outcomes compared to those with low titers [10] . It was also mentioned that patients with good outcomes show more rapid and larger decreases in CSF titers than those with poor outcomes. This suggests that favorable outcomes can be expected for our patient, who showed a negative result in the follow-up serum antibodies titer.
Although patients can show abnormalities such as hyperintensities on brain MRI [9] , the neuroimaging findings were normal in our case. In addition, there have been reports of abnormal EEG findings, such as peculiar and recurrent paroxysmal nonepileptic rhythmic theta-delta patterns [11] , or a pattern of extreme delta brush [12] , neither of which were observed in this patient. These MRI and EEG abnormalities may be features of anti-NMDA receptor encephalitis that lack the sensitivity and specificity to warrant their use as diagnostic tests [13] . According to a previous case series report, 89% of patients with anti-NMDA receptor encephalitis under 12 years old had abnormal EEG recordings. In addition, 55% had abnormal findings on brain MRI, such as contrast enhancement or abnormal diffusion weighted images [6] . The inconsistency of our patient's results with these emphasized that it is an atypical case.
The standard first-line management for anti-NMDA receptor encephalitis consists of removing the causative tumor, which was not required in this case. Data on the targeted management of psychiatric symptoms in autoimmune encephalitis are currently limited. The use of multiple classes of psychotropic medications is detailed in a number of case reports, but the most profound improvements in psychiatric and behavioral symptoms occur when the antibody response is suppressed or reversed [14] . Analysis of anti-NMDA receptor antibodies in patients with encephalitis is important to identify an autoimmune etiology and promptly initiate immunotherapy to minimize adverse sequelae. Rituximab should be considered in patients without teratomas, or in patients who do not improve with other immunosuppressive treatments [15] . This patient was treated sequentially with different forms of immunotherapy. Among them, rituximab was the only one that elicited a clear response. Owing to her behavioral problems, it was thought that the patient still required a certain amount of psychotropic medication even after immunotherapy commenced. As such, her psychotropic medications were only slowly tapered off over the course of her outpatient visits.
It is noteworthy that the patient's remaining symptoms of inattention and impulsivity mimicked those of ADHD following treatment with immunotherapy. It is considered highly unlikely that she already had the clinical manifestation of ADHD, because the patient had been attaining excellent grades at school, and her parents and school records report no previous symptoms of inattention, hyperactivity, or impulsivity. Previous studies reporting that there was a significant association between anti-NMDA receptor encephalitis and symptoms of ADHD also support this finding [2, 16, 17] . It is not known whether these symptoms would improve in response to traditional ADHD treatments, such as administration of psychostimulants, because the symptoms stemmed from the encephalitis. Further research will be needed to elucidate this.
Anti-NMDA receptor encephalitis can induce substantial and persistent cognitive impairments, with motor, language, and memory deficits, reflective of disruptions to synaptic processes in the hippocampus and its target areas [18, 19] . A remarkable observation is that early immunotherapy is associ-ated with significantly better cognitive outcomes [20] . This demonstrates the importance of making a correct diagnosis early and commencing treatment as soon as possible.
In conclusion, acute psychotic symptoms or unexplained behavioral problems in young female patients may be the only initial manifestation of this rare disease of anti-NMDA receptor encephalitis. Disease suspicion and careful historytaking of the illness onset is crucial. The prompt initiation of immunotherapy could alleviate the symptoms, while minimizing the complications linked to persistent cognitive impairment.
